ABSTRACT A group of 137 male workers with known exposure
It is well established that occupational exposure to asbestos dust may cause interstitial pulmonary fibrosis (asbestosis) and impaired gas exchange.1 2
There is also evidence that such exposure may cause airway obstruction.3-7 Exposure response relations have been established for radiographic89 and for functional8 10 11 indicators of interstitial fibrosis.
Little is known, however, about the risk of lung function impairment associated with low level exposure to asbestos. There is also little information available about the effects of asbestos induced lung function impairment on exercise capacity. 12 -15 This is unfortunate as it makes judgments on the compensation for disability difficult.
The principal aim of the present paper was to study lung function in workers exposed to low or moderate levels of asbestos dust and to analyse the relations between exposure, lung function impairment, and exercise limitation.
Material and methods
We selected a study group consisting of blue collar workers with known exposure to asbestos cement dust and symptoms or signs of pulmonary disease. Efforts were made to eliminate confounding factors Accepted 9 March 1987 by excluding subjects with other occupational exposure to noxious inhalants and subjects with systemic or pulmonary diseases with no known relation to asbestos exposure but obviously affecting lung function or exercise capacity.
SELECTION OF STUDY GROUP
In a health survey 758 male former workers at an asbestos cement factory were screened for pulmonary disease by means of history, physical examination, chest radiography, and spirometry. The medical and occupational history was obtained both from questionnaires and in an interview. Questions were framed to assess the degree of dyspnoea and the presence of chronic bronchitis, both according to the criteria adopted by the World Health Organisation. 16 A detailed smoking history and a history of nonpulmonary diseases were also taken. The occupational history included the specific tasks the subject had performed during each period of employment. Any other occupational exposure to noxious inhalants was noted and subjects with such exposure were excluded. The first criterion for inclusion into the study group was dyspnoea grade I or greater according to Rose and Blackburn. 16 The second criterion for inclusion was the finding of persisting crepitations over the lungs at physical examination. 542
Relation between lung function, exercise capacity, and exposure to asbestos cement Chest radiographs were obtained in the posteroanterior, left lateral, and both oblique projections. Interstitial fibrosis was coded according to the ILO classification"7 and the third inclusion criterion was code 1/0 or greater. Spirometry, including VC and FEV,, was performed with a dry spirometer. The fourth criterion for inclusion was a VC or FEV1 of less than 80% of the predicted value. 18 The selection criteria were met by 209 subjects. Twenty two subjects refused further investigation. Severe heart or systemic disease which was judged to be exercise limiting was found in 27 subjects who were excluded from the study group. Eleven had a history of severe obstructive lung disease (bronchial asthma in six cases and chronic bronchitis in five) and were excluded on this account. One subject with asbestosis had been fully investigated at another hospital shortly before the study and was not included. One subject died in the interval between the screening and the physiological study. Ten subjects met one criterion but were clinically judged to be normal and not included in the study group. Most of these had borderline spirometry in combination with low exposure and other likely reasons for the spirometric finding, such as obesity, chest deformity, or poor cooperation. The final study group thus consisted of 137 subjects who were referred for pulmonary function studies at rest and during exercise.
PULMONARY FUNCTION STUDIES AT REST
Total lung capacity (TLC), functional residual capacity (FRC), and residual volume (RV) were measured by body plethysmography. 9 When the subject was breathing against a closed shutter for determination of thoracic gas volume, the breathing frequency was kept below 1 Hz. tests of lung function and for exercise capacity, we studied a group of 49 normal subjects matched to the study group for age and smoking habits. The normal subjects were recruited from among lumberjacks and workers in a slaughter house and a food manufacturing industry and selected on the basis of history and physical examination. Subjects with heart or lung disease, hypertension, diabetes, obesity, dementia, alcoholism, or abnormalities of the locomotor system and those with an occupational history of exposure to noxious inhalants were excluded. A normal routine physical examination was also required. No subject was excluded on the basis of physiological measurements. The reference group was studied according to the same protocol as the study group and the results will be presented in detail elsewhere (Jakobsson K et al, in preparation). Relation between lung function, exercise capacity, and exposure to asbestos cement a mean in the study group of 19-7 fy/ml. The median exposure was 11-8 fy/ml and the 10th and 90th percentile 0-9 fy/ml and 39 5 fy/ml, respectively. The difference in exposure between smokers and nonsmokers was small. The mean duration of exposure was 1 5X8 years. No subject was occupationally exposed to asbestos at the time of the study. The mean interval between the cessation of exposure and the study was 13-5 years.
Results of the lung function measurements at rest (table 2) showed reduced lung volumes and static lung compliance in the non-smokers exposed to asbestos.
PelL,TLC and RL were increased. The exposed smokers had significantly reduced TLC and CStL whereas RL was increased. Lung volumes and CStL were significantly higher (p < 005) in exposed smokers than in exposed non-smokers.
An exercise test to exhaustion could be performed in 120 subjects ( One consequence of the increasing awareness of the health effects of exposure to asbestos has been that large numbers of workers subject to rather low exposure in asbestos using industries are being screened for lung function abnormalities and assessed for disability. There is thus a need for information about the physiological effects of low level exposure to asbestos dust, information which cannot be obtained from previous studies of workers exposed to asbestos. Disability cannot be estimated reliably from symptoms, radiographic or lung function abnormalities.26 An exercise test therefore seems the best way to estimate the functional impairment. For the relation between lung function abnormalities and exercise impairment to be established, a reasonable number of subjects with reduced exercise tolerance has to be studied. In this study we therefore selected workers with symptoms or signs suggestive of lung disease. In about 25% of the subjects who met the inclusion criteria we found diseases that were not primarily related to the pulmonary effects of asbestosis but would obviously affect lung function or reduce Table 6 Relation between exercise capacity and lung function variables in the study group obtained with single regression Relation between lung function, exercise capacity, and exposure to asbestos cement exercise capacity. These patients were excluded from the study group. There remains in the study group a proportion of subjects with respiratory or heart disease of milder degree. The subjects with asthma or heart disease are few and in the case of subjects with chronic bronchitis the condition may be related to exposure to dust. We thought it important to compare the study group with a group of healthy industrial workers, since the exercise capacity in this group is likely to be higher than in the general population. Another reason for this comparison is the evidence for a higher prevalence of airways obstruction ("industrial bronchitis"27) in industrial workers than in the general population.
The selection of the study group and the reference group has some consequences that must be borne in mind when the data are interpreted. It is generally assumed that individual susceptibility to asbestos and to tobacco smoke is highly variable. It must therefore be emphasised that the relation between exposure to asbestos and lung function found in this group of subjects with symptoms and signs of lung disease probably does not apply to the exposed population at large. The group is, however, representative of the subjects who are brought to medical attention either because of symptoms or by signs found in screening procedures. The subjects in the reference group were selected so as not to have a history of chest disease. For smokers, this implies that the group consists of subjects with a low susceptibility to the damaging effects of tobacco smoke. The smokers in the study group, on the other hand, may represent subjects with a high susceptibility to tobacco smoke, and although the tobacco consumption in the two groups does not differ, the physiological effects of smoking may well do.
The accuracy of the asbestos dose estimates is dependent on the occupational history obtained and the dust measurements. The history was compared with the records of the company and with information obtained from a foreman who had been employed for many years. There was, in general, good agreement, suggesting that the duration of exposure was reliably estimated. The information about dust concentrations is limited, especially for the years before 1969. There are also uncertainties associated with the estimation of asbestos fibre exposure from the impinger measurements. In the present study cumulated individual dose showed closer correlation with lung function variables than did individual duration of exposure. A histological study of dead workers from the same plant28 showed dose-response relations between the number of ferruginous bodies and cumulated individual exposure as well as the intensity and the duration of exposure. The cumulated individual dose showed the closest correlation with ferruginous bodies. These observations indicate that the estimates of the intensity of exposure are acceptable and we believe them to be accurate within a factor of two compared with real values. Exposure levels similar to ours have been presented from another Swedish asbestos cement industry.29
As expected, there was a close correlation between age and cumulated exposure in the study group. This should be of little importance since, whenever appropriate, age has been taken into account in the analysis. Tobacco consumption was not related to age or to exposure in the study group, which is important for the differentiation between the pathophysiological effects of smoking and exposure to asbestos.
The findings of reduced lung volumes, increased PelL,TLC, and reduced lung compliance are compatible with a fibrogenic effect of asbestos. The correlations between exposure and physiological variables indicate a causal connection. In most previous studies of the physiological effects of asbestos exposure the cumulated dose has been about one order of magnitude higher than in this study.8"-25 Little information is available concerning lower levels of exposure.2930 Owing to the selection of the study group, we are not able to estimate the dose related risk of developing interstitial fibrosis in the working population. Our data show, however, that functional abnormalities may be found in susceptible individuals after as little exposure as approximately 20 fy/ml and they frequently occurred without radiographic signs of interstitial fibrosis.3 -This is in good agreement with the histological study of dead workers from the plant, which also showed interstitial fibrosis after a cumulated exposure of approximately 20 fy/ml. 28 We found indications of increased airflow obstruction in the study group compared with the reference group (tables 2 and 3). This may, as has previously been suggested, be caused by the exposure to asbestos.3 -7 It may also, however, result from the selection procedure, which favours inclusion of subjects with a high sensitivity to inhaled irritants into the study group and subjects with a low sensitivity into the control group. A multiple regression analysis was performed in the study group to avoid this selection bias (tables 4 and 5). It shows clearly that smoking is related to the presence of obstructive lung disease. Asbestos exposure, on the other hand, is related to lung fibrosis, but there is no correlation with any variable reflecting obstruction. On the basis of this analysis, we conclude that the finding of obstructive lung disease in the study group mainly results from selection bias, and that the fibrogenic effect of asbestos dominates under the conditions studied. This study does not, however, rule out an obstructive effect of low level asbestos exposure, since we did not include 547 Wollmer, Eriksson, Jonson, Jakobsson, Albin, Skerfving, Welinder any technique to study specifically the small airways, which are likely to be first affected.
The abnormalities in gas exchange observed in the study group were of a relatively mild degree. There was a significant reduction in P02 at maximum work load in the smokers exposed to asbestos (table 3) which did not, however, correlate with either the occupational exposure or smoking (tables 4 and 5). Our study thus shows, in agreement with the work of Jodoin et al,3 that mechanical abnormalities often precede abnormalities in gas exchange in the development of asbestosis. This sequence of events may be a feature of the preferentially peribronchiolar distribution of fibrosis,34 which could reduce lung compliance while leaving the alveolar capillary units less affected.
As expected from the selection procedure, exercise capacity was lower in the study group than in the reference group (table 3). In the study group exercise capacity was inversely related to smoking but showed no significant correlation with asbestos exposure (table 5) . When exercise capacity was related to measurements of lung function, highly significant, inverse correlations were found with variables reflecting bronchial obstruction (RV, RL, and RfL). There was also a significant correlation between exercise capacity and CStL but neither TLC nor PelL,TLC, which correlated with exposure, appeared to be related to exercise capacity. It thus appears that exercise capacity in the study group is related more to airflow obstruction than to interstitial fibrosis. This is in keeping with the results from the multiple regression analysis and indicates that smoking is more important for exercise limitation than asbestos exposure at this level. The results are in good agreement with a previous study of exercise performance in smoking and non-smoking asbestos exposed workers. 15
